Background: GlycA is a novel marker of systemic inflammation detected by nuclear magnetic resonance (NMR) spectroscopy. In the general population, GlycA is correlated with inflammatory markers such as C-reactive protein (CRP) and associated with coronary heart disease and diabetes. The utility of GlycA in patients with systemic lupus erythematosus (SLE) has not been defined. Therefore, we tested the hypothesis that GlycA concentrations are elevated in patients with SLE and associated with other markers of inflammation and coronary atherosclerosis. Methods: We compared concentrations of GlycA, detected by NMR, in 116 patients with SLE and 84 control subjects frequency-matched for age, sex, and race. SLE disease activity index (SLEDAI) and the SLE Collaborating Clinics damage index (SLICC) were calculated. Acute phase reactants, a panel of cytokines, and a lipid panel were measured. Electron beam computer tomography (EBCT) was used to quantify coronary artery calcification, a measure of coronary artery atherosclerosis. Results: Patients with SLE had higher concentrations of ) than control subjects (339 (299-391)) mmol/L, p < 0.001. In patients with SLE, concentrations of GlycA were significantly associated with sedimentation rate (rho ¼ 0.43), C-reactive protein (rho ¼ 0.59), e-selectin (rho ¼ 0.28), intracellular adhesion molecule-1 (rho ¼ 0.30), triglycerides (rho ¼ 0.45), all p < 0.0023 to account for multiple comparisons, but not with creatinine, SLEDAI, SLICC, or coronary calcium scores. Conclusions: Concentrations of GlycA are higher in patients with SLE than control subjects and associated with markers of inflammation but not with SLE disease activity or chronicity scores or coronary artery calcification. Lupus (2016) 25, 296-300.
Introduction
GlycA is a novel marker of systemic inflammation detected by nuclear magnetic resonance (NMR) spectroscopy. It arises from the N-acetyl methyl signals from glycosylated acute phase proteins. 1 Several glycoproteins, including a1-acid glycoprotein, a-1 antichymotrypsin, haptoglobin, a-1-antitrypsin, and transferrin contribute significantly to increase the GlycA signal during inflammation. 1 GlycA concentrations correlate positively with high-sensitivity C-reactive protein (hs-CRP) and interleukin (IL)-6 concentrations. 1 Thus, GlycA may have utility as a marker of disease activity in patients with chronic inflammatory diseases.
In addition, GlycA has been associated with incident cardiovascular disease in the Women's Health Study. 2 In 1987, the intensity of an NMR peak of glycosylated proteins that included the peak now known as GlycA was noted to be higher in patients with rheumatoid arthritis (RA) than in control subjects, but the clinical significance of these findings was unclear. 3 Recently, we reported that GlycA concentrations were higher in patients with RA than in control subjects, and correlated strongly with RA disease activity and inflammatory markers, 4 but its role in patients with systemic lupus erythematosus (SLE) has not been defined.
Despite increasing awareness and multiple efforts, there are no good laboratory markers of SLE disease activity for use in clinical practice; 5 similarly, our ability to estimate cardiovascular risk in patients with SLE is limited. Therefore, we set out to test the hypothesis that GlycA concentrations were elevated in patients with SLE and associated with disease activity, other markers of inflammation, and coronary atherosclerosis.
Methods

Patients
Patients with SLE (n ¼ 116) and control subjects (n ¼ 84), who have contributed to ongoing studies of risk factors associated with coronary atherosclerosis, were evaluated. Details regarding enrollment and study procedures have been described previously. 6, 7 In summary, patients met the 1997 American College of Rheumatology classification criteria for SLE, 8 and were recruited from the practices of local rheumatologists, through a Lupus Foundation newsletter, and by advertisements. Control subjects were recruited from the patients' acquaintances, by advertisement, and from a database of volunteers from the Vanderbilt General Clinical Research Center. The study was approved by the institutional review board at Vanderbilt University, and all study participants signed an informed consent.
Clinical evaluation
All patients with SLE and control subjects underwent a structured interview, physical examination, laboratory tests, and review of medical records. Blood pressure was recorded as the mean of two measurements obtained five minutes apart after subjects had rested. In patients with SLE, disease activity and disease damage were ascertained with the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) 9 
and the Systemic Lupus
International Collaborating Clinics (SLICC) damage index, 10 respectively. Electron beam computer tomography (EBCT) was used to quantify coronary atherosclerosis. 11 
Laboratory tests and inflammatory markers
Blood was collected after an overnight fast for the measurement of total cholesterol, high-density lipoprotein cholesterol (HDL), and triglycerides. Low-density lipoprotein cholesterol (LDL) was calculated. In patients with lupus, Westergren erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 50% hemolytic complement (CH 50 ), and creatinine concentrations were measured in the clinical laboratory. Glomerular filtration rate was calculated using the Modification of Diet in Renal Disease (MDRD) equation. 12 IL-6, tumor necrosis factor-a (TNF-a), e-selectin, vascular adhesion molecule-1 (VCAM-1), and intracellular adhesion molecule-1 (ICAM-1), concentrations were measured using an enzyme linked immunoabsorbent assay (ELISA) (Millipore, Billerica, USA).
GlycA quantification
NMR spectra were acquired from EDTA plasma samples as previously described for the NMR LipoProfile Õ (lipoprotein particle) test at LabCorp (formerly LipoScience, Inc., Raleigh, USA). 13 The NMR Profiler platform is comprised of a 9.4 T (400 MHz 1 H frequency) spectrometer (Bruker Biospin) with an integrated fluidics sample delivery system. The GlycA signal (2.00 ppm) was quantified using proprietary deconvolution software that uses a non-negative linear least squares algorithm to fit the experimental signal to individual spectral components, including protein and lipoproteins, as well as signals representing the GlycA NMR resonance. 1 Reported intra-and inter-assay coefficients of variation are 1.9% and 2.6%, and results are presented in mmol/L. 1
Statistical analysis
Demographic characteristics are presented as mean and standard deviation (SD) or median and interquartile range (IQR) for continuous variables, and frequency (percentage) for categorical variables. Statistical differences between cases and controls were tested with the Wilcoxon rank-sum or the Fisher's exact test, as appropriate. Spearman correlations were used to examine the association between concentrations of GlycA, ESR, and CRP with patient characteristics. All analyses used a two-sided significance level of 5%, and Bonferroni adjustments were made to account for multiple comparisons. The analyses were performed with Stata 12.0 (Stata Corp., College Station, USA).
Results
Subject characteristics
Patients with SLE and control subjects had similar age, systolic and diastolic blood pressure, total and HDL cholesterol, and creatinine. The majority of patients with SLE and control subjects were female and Caucasian. As previously reported, inflammatory markers, coronary artery calcium scores, 6 and triglyceride concentrations were higher in patients with SLE than control subjects 14 (Table 1 ). In patients with SLE, the median (IQR) ESR was 
GlycA in patients and controls and association with SLE characteristics
Concentrations of GlycA were higher in patients with SLE (median 398, IQR (350-445) mmol/L) than in control subjects (339 (299-391) mmol/L), p < 0.001 (Figure 1 ). After correction for multiple comparisons, GlycA concentrations correlated positively with ESR (rho ¼ 0.43, p < 0.001), CRP
, and triglyceride concentrations (rho ¼ 0.45, p < 0.001) in patients with SLE. There were no statistically significant associations between GlycA and age, coronary calcium scores, creatinine, glomerular filtration rate, SLEDAI, SLICC, and VCAM-1 ( Table 2 ).
Discussion
The two novel findings of this study are that GlycA concentrations were higher in patients with SLE than in control subjects, and that GlycA concentrations correlated with acute phase reactants, multiple inflammatory markers, and lipid concentrations.
There is an increased recognition of the need for better markers of SLE disease activity in clinical practice. 5 Several characteristics of GlycA make it a potentially interesting marker in SLE. First, it may be a more stable marker of inflammation, less susceptible to alterations by both day-to-day variability and by non-inflammatory conditions, such as age, anemia, and BMI, than CRP or ESR. 1 In keeping with this, we found that while the correlation between ESR and hemoglobin was strong, GlycA was not associated with hemoglobin. Similarly, the correlation between CRP and BMI Figure 1 GlycA concentrations in patients with SLE and control subjects.
was strong, but GlycA only correlated weakly with BMI. Second, GlycA concentrations correlated with disease activity in patients with RA. 4 However, despite the fact that GlycA concentrations were higher in SLE than in controls, and were associated with several acute phase reactants and adhesion molecules, they were not associated with lupus disease activity. One possible explanation is that C3, an acute phase protein, is a minor contributor to the GlycA signal. However, due to activation of the complement cascade, low complement levels are a feature of lupus disease activity. As expected, we found both a significant negative correlation between CH50 and SLEDAI; however, there was a significant positive correlation between GlycA and both CRP and CH50.
We found that both CRP and ESR were weakly correlated with SLEDAI. Consistent with our findings, elevated ESR has been associated with higher lupus activity in other studies. A report from a large cohort of patients with SLE showed that patients with ESR > 75 mm/h had a two-fold increase in the systemic lupus activity measure (SLAM) score than those with an ESR < 25 mm/h. 15 A similar relationship was found between ESR and the SELENA-SLEDAI in another large cohort. 16 In addition to examining GlycA as a marker of lupus activity, we explored its role as marker of coronary atherosclerosis. Three reasons supported the hypothesis that GlycA could be associated with coronary atherosclerosis in SLE. First, in the general population, 2 and in patients with RA, 4 GlycA concentrations were associated with coronary atherosclerosis. Second, a panel of four nontraditional biomarkers (pro-inflammatory HDL function, leptin, sTWEAK, and homocysteine) was recently described as a tool to predict carotid atherosclerosis in patients with SLE. 17 Third, the ability of GlycA to capture many glycosylated products at once could be advantageous to mimic a multibiomarker approach to assessing cardiovascular risk. However, despite the association of GlycA with systolic and diastolic blood pressure, triglyceride, and HDL concentrations, it was not associated with CAC scores. This does not exclude that GlycA may be associated with non-calcified atherosclerosis that would not be detected by a non-contrast enhanced CT scan.
This study needs to be interpreted in the light of some limitations. The sample size is relatively small, the design is cross-sectional, and there were multiple comparisons. However, after using the Bonferroni correction and resetting the threshold for statistical significance to p < 0.0023, the association between GlycA with CRP, ESR, eselectin, ICAM-1, and triglycerides remained significant. Also, we studied a group of SLE patients with relative low disease activity and almost normal renal function. Therefore, the utility of GlycA in patients with more severe disease, with renal involvement, and its role during clinical course or on cardiovascular event prediction, remain to be determined.
In conclusion, GlycA is increased in patients with SLE and associated with inflammatory markers and lipids, but is not associated with SLE disease activity or coronary artery calcium as a marker of subclinical atherosclerosis. 
